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Mars Oxygen Product ion System Design 
Old Dominion U n i v e r s i t y  
Mechanical Engineering and Mechanics Department 
N o r f o l k ,  V i r g i n i a  23529-0247 
Abs t rac t  
Th is  r e p o r t  summarizes t h e  design and con- 
s t r u c t i o n  phase o f  t h e  Mars oxygen demonstrat ion 
p r o j e c t .  The bas ic  hardware requ i red  t o  produce 
oxygen from s imulated Mars atmosphere has been 
assembled and tested.  Some design problems s t i l l  
remain w i t h  t h e  sample c o l l e c t i o n  and s torage 
system. I n  add i t i on ,  design and development o f  
computer compat ib le  data a c q u i s i t i o n  .and c o n t r o l  
i ns t rumen ta t i on  i s  ongoing. 
I n t r o d u c t i o n  
The combination o f  a s t ronger  g r a v i t a t i o n a l  f i e l d  
and g rea te r  d i s tance  from t h e  Ear th  makes round 
t r i p  miss ions t o  t h e  su r face  o f  Mars more 
d i f f i c u l t  t han  t o  t h e  l u n a r  surface. Using 
convent ional  p ropu ls ion  approaches, t h e  ascent 
v e h i c l e  requ i red  f o r  Mars l i f t o f f  and Ear th  
r e t u r n  i s  a l a r g e  p a r t  o f  t h e  payload a t  Ear th  
launch. Furthermore, p r o p e l l a n t  mass accounts 
f o r  as much as n i n e t y  percent o f  t h e  Mars ascent 
v e h i c l e  mass. When l i q u i d  p r o p e l l a n t s  a re  used, 
l i q u i d  oxygen accounts t y p i c a l l y  f o r  e i g h t y  
percent  o f  t h e  p r o p e l l a n t  mass and oxygen can be 
produced a t  Mars (Ref. 1). While oxygen produc- 
t i o n  from Mars atmosphere i s  s t r a i g h t  forward, 
acceptance o f  oxygen p roduc t i on  as an o p t i o n  f o r  
e a r l y  round t r i p  miss ions t o  Mars i s  l ack ing .  
The research goal o f  Old Dominion U n i v e r s i t y ' s  
Mars oxygen demonstrat ion (MOD) p r o j e c t  i s  t o  
b u i l d  and operate an oxygen p roduc t i on  system f o r  
t h e  purpose o f  e s t a b l i s h i n g  i t s  v i a b i l i t y  f o r  
near term Mars missions. 
Mars oxygen p roduc t i on  i s  an i d e a l  candidate 
f o r  ex t ra te r res t r i a l  resource u t i l i z a t i o n  because: 
(1) The carbon d i o x i d e  feedstock i s  c e r t a i n ;  
( 2 )  The feedstock i s  no t  l and ing  s i t e  dependent; 
( 3 )  C o l l e c t i o n  o f  a gaseous feedstock i s  s imple 
and r e q u i r e s  l i t t l e  equlpment; ( 4 )  E l e c t r o -  
chemical e x t r a c t i o n  o f  oxygen from t h e  feedstock 
i s  simple, r e q u i r i n g  no moving p a r t s ;  and (5 )  
Oxygen i s  a v i t a l  resources f o r  human s u r v i v a l  
and an enab l i ng  resource f o r  a v a r i e t y  o f  
p r o p u l s i v e  app l i ca t i ons .  The a b i l i t y  t o  produce 
oxygen on t h e  Mar t i an  su r face  r e l i a b l y  and 
autonomously f o r  l ong  pe r iods  o f  t ime  and i n  
l a r g e  q u a n t i t i e s  i s  an impor tant  goal f o r  f u t u r e  
space missions. 
Mars atmosphere i s  95.32 percent  carbon 
d iox ide.  (Ref. 2 ) .  A v a r i e t y  o f  devices can be 
used t o  c o l l e c t  Mars atmosphere, and s ince  d isso-  
c i a t i o n  o f  carbon d i o x i d e  i s  no t  a f f e c t e d  by 
pressure, it i s  on l y  necessary t o  p ressu r i ze  t h e  
atmosphere m i l d l y  t o  move i t  through t h e  system 
and keep t h e  volume o f  t h e  oxygen separat ion 
system smal 1. Oxygen separat ion i s  accomplished 
by hea t ing  Mars atmosphere t o  temperatures on t h e  
order  o f  1000 K where measurable d i s s o c i a t i o n  o f  
carbon d i o x i d e  i n t o  carbon monoxide and oxygen 
occurs. Stabi  1 i zed z i r c o n i a  can conduct oxygen 
ions  (0") a t  e levated temperatures. ( I o n i z e d  
oxygen i s  produced a t  t he  cathode o f  t he  e l e c t r o -  
l y t e  and pumped across t h e  membrane t o  t h e  anode 
where it i s  converted t o  02.) Hence, oxygen can 
be removed and separated from a heated Mars 
atmosphere stream by app ly ing  a vo l tage  across a 
sealed z i r c o n i a  membrane. The oxygen thus 
c o l l e c t e d  can be pressur ized and l i q u i f i e d  f o r  
s torage us ing a v a r i e t y  o f  machines (Ref. 3) .  
The MOD system has been designed t o  operate 
a z i r c o n i a  c e l l  a t  temperatures and pressures 
s i m i l a r  t o  those t h a t  would be used on Mars. The 
des ign assumes t h a t  Mars atmosphere i s  prov ided 
a t  pressures between 50 and 100 mb and a t  temper- 
a tu res  on t h e  o rde r  o f  300 K. The supply 
temperature w i l l  be a t  l e a s t  300 K i f  any k i n d  o f  
compressor i s  used t o  pump t h e  feed gas and w i l l  
exceed 300 K i f  thermal abso rp t i on  devices a r e  
used f o r  compression (Ref. 3). The z i r c o n i a  c e l l  
env i  ronment i s  c o n t r o l  1 ed by t h e  oven 
temperature, and t h e  supply and c o l l e c t i o n  
pressures. Both t h e  supply and oxygen c o l l e c t i o n  
pressures w i l l  be va r ied  as p a r t  o f  t h i s  study. 
I n  a d d i t i o n ,  t h e  oven temperature w i l l  be 
varied. The MOD system terminates a t  t h e  p o i n t  
where oxygen i s  supp l i ed  f o r  l i q u i f a c t i o n  and 
storage. The spent exhaust gas i s  re tu rned  t o  
t h e  surroundings. 
Overa l l  System Design 
The Mars oxygen processor i s  shown schemati- 
c a l l y  i n  F igu re  1. Simulated Mars atmosphere i s  
prov ided from pressur ized b o t t l e s  o f  custom mixed 
s p e c i a l t y  gas. The composit ion o f  t h e  s imulant  
and of Mars atmosphere are compared in Table 1. 
It i s  noted t h a t  t r a c e  elements and water vapor 
(which i s  v a r i a b l e )  a r e  omi t ted  f o r  economic 
reasons. I n  add i t i on ,  r a t h e r  than  increase t h e  
carbon d fox ide  content  t o  achieve a p r o p o r t i o n a l  
approximation o f  Mars atmosphere, t h e  argon 
content  was increased. A d d i t i o n a l  argon was used 
s i n c e  i t  i s  i n e r t  and w i l l  ac t  as a b u f f e r  gas, 
degrading d i s s o c i a t i o n  o f  carbon d iox ide,  r a t h e r  
than  inc reas ing  performance a r t i f i c i a l l y .  
A two-bo t t l e ,  man i fo ld  system (Union Carbide 
System SG 9150) i s  used t o  p rov ide  a continuous 
supply o f  feed gas f o r  endurance t e s t i n g .  The 
b o t t l e s  a r e  switched a u t o m a t i c a l l y  and can be 
rep laced when they are empty. The feed gas, 
which i s  supp l i ed  a t  a pressure o f  55 atmospheres 
(800 p s i ) ,  i s  t h r o t t l e d  t o  a pressure of 
approx imate ly  f o u r  atmospheres b e f o r e  i t  i s  
in t roduced i n t o  t h e  f l o w  network. The supply 
l i n e  upstream from t h e  f l o w  c o n t r o l l e r  i s  of 
s u f f i c i e n t  l e n g t h  t o  resubl imate any d r y  i c e  t h a t  
might  form through t h e  t h r o t t l i n g  process. 
A mass f l o w  c o n t r o l l e r  (Omega Engineering, 
Model FMA-766-V) i s  used t o  c o n t r o l  t he  f l w  o f  
simulated Mars atmosphere. Flow r a t e s  between 0 
and 370 standard cubic  cent imeters per minute 
(SCCH) can be maintained. The feedgas pressure 
i s  monitored us ing a Datametrics, Ba roce l l  Type 
600 pressure t ransducer  which has a use fu l  range 
o f  0 t o  100 torr absolute. The c o n t r o l l e d  feed 
gas stream i s  then in t roduced i n t o  the z i r c o n i a  
c e l l  and oven where i t  i s  heated t o  temperatures 
on the order  o f  1000 K. The y t t r i a  s t a b i l i z e d  
z i r c o n i a  c e l l  was manufactured by Ceramatec 
Corporat ion and a schematic o f  t he  c e l l  assembly 
i s  shown schemat ica l ly  i n  F igu re  2. The c e l l  
assembly cons is t s  o f  an ou te r  ceramic alumina 
housing, a thermocouple w e l l ,  a t u b u l a r  z i r c o n i a  
c e l l  and seal, s t a i n l e s s  s tee l  e l e c t r i c a l  leads 
and connections, and a end p l a t e  w i t h  plumbing 
f o r  t he  carbon d iox ide,  oxygen, and exhaust gas 
f lows. The z i r c o n i a  tube i s  open o n l y  a t  t h e  
oxygen o u t l e t  end ( a t  t he  top  o f  the assembly). 
Both sides o f  the z i r c o n i a  tube are coated w i t h  a 
porous p la t i num paste which formed the  anode and 
cathode. Voltage and cu r ren t  are c o n t r o l l e d  and 
supp l i ed  through a d.c., h igh  c u r r e n t  power 
supply. The oven used p r e s e n t l y  was a l s o  
manufactured by Ceramatec Corporat ion and has a 
usefu l  upper temperature 1 i m i t  o f  approximately 
1500 K. It i s  capable o f  ma in ta in ing  constant  
temperatures t o  w i t h i n  f 2 "C  o f  i t s  se t  p o i n t .  
The oven exhaust gas f l ow  i s  monitored us ing  
an Omega Engineering Model FMA-866-V, mass f l o w  
meter which measures a maximum f l o w  r a t e  of 500 
SCCM. The oxygen p roduc t i on  r a t e  i s  monitored 
us ing  an Omega Engineer ing Model FMA-863-V mass 
f l ow  meter w i t h  a f u l l  sca le range o f  50 SCCM. 
L i n e  pressures are measured w i t h  s i l i c o n -  
diaphragm, p i e z o - r e s i s t 1  ve d i f f e r e n t i a l  pressure 
t ransducers (Omega Engineering, Model 241PC15G). 
System pressure i s  mainta ined t h r o u g h ' a  45.3 
l i t e r  b a l l a s t  tank which i s  connected t o  a Gast, 
Model 5BA-1  vacuum pump. The vacuum pump i S  
capable o f  removing 0.1 e/s a t  0.01 t o r r  and i t s  
volume f l o w  c h a r a c t e r i s t i c s  are shown i n  F igu re  3 
over  the pressure range o f  i n t e r e s t .  Both t h e  
oxygen and exhaust gas l i n e s  are connected t o  t h e  
b a l l a s t  tank, where t h e  two streams a re  combined 
and pumped back t o  t h e  atmosphere. Hence t h e  
vacuum pump . c o n t r o l s  the  system throughput. 
Because o f  t h e  low flow rates,  a d d i t l o n a l  
heat exchangers are no t  required. Rather. us ing  
thermal analyses, t h e  tube runs have been made 
long  enough between the  oven and t h e  pressure and 
f l ow  t ransducers t o  ensure t h a t  t h e  f l u i d  
temperatures are approximately a t  ambient 
cond i t i ons .  
Temperatures w i l l  be measured throughout t h e  
system us ing  thermocouples. The thermal i n s t r u -  
mentat ion has not  been i n s t a l l e d  f u l l y  a t  t h i s  
t ime due t o  problems w i t h  the  computer i n t e r -  
face. Copper-constantan, i ron-constantan,  
chromel-alunel and n i c r o s i l - n i s i 1  ( t y p e  N) 
thermocouples a re  being evaluated f o r  varlOuS 
A source of 
concern i n  thermocouple s e l e c t i o n  has been the  
repor ted degradat ion o f  chromel-alumel thermo- 
couples du r ing  prolonged, C y c l i c  use a t  1000°C 
(Ref. 4 ) .  P resen t l y ,  t ype  N thermocouples a re  
being considered because they have been shown t o  
. measurements throughout  the  system. 
be r a r e  s tab le  (Ref. 4 ) .  
500 data acquis i , t ion and c o n t r o l  
been used du r tng  the year  f o r  
da ta  a c q u i s i t i o n  and c o n t r o l  s tud ies.  The DAC 
was connected t o  an IBM PC AT Computer which 
served as the  data a c q u i s i t i o n  host  as w e l l  as 
the  c o n t r o l  system manager. The DAC employed 
S o f t  500 opera t i ng  software which was compatible 
w i t h  B A S I C  t o  f a c i l i t a t e  datp a c q u i s i t i o n  and 
c o n t r o l  programing.  D i f f e r e n t  c i r c u i t  boards 
a re  i n s t a l l e d  i n  the data a c q u i s i t i o n  and c o n t r o l  
box f o r  thermocouple measurements, vo l tage  
measurements and analog outputs. However, a 
major system o r  sof tware f a i l u r e  occurred du r ing  
the  semester, r e q u i r i n g  t h e  DAC and one c i r c u i t  
board t o  be shipped back t o  the  manufacturer. 
Present ly ,  a K e i t h l e y  570 system i s  being used 
which has s i m i l a r  f ea tu res  t o  the o r i g i n a l  system 
bu t  which i s  not  capable o f  suppor t ing the  number 
o f  data channels and output  channels t h a t  w i l l  be 
requ i red  f o r  t h e  autonomous system. The data 
a c q u i s i t i o n  and c o n t r o l  aspects o f  t h i s  p r o j e c t  
are s t i l l  i n  t he  development phase. 
Computer based data a c q u i s i t i o n  and c o n t r o l  
system design has become t h e  pr imary focus o f  the 
p r o j e c t  a t  t h i s  time. I n  order  f o r  autonomous 
oxygen p roduc t i on  t o  be demonstrated, a network 
o f  sensors must be i n t e g r a t e d  i n t o  t h e  system 
which p rov ide  s u f f i c i e n t  d i g i t a l  i n fo rma t ion  t o  
enable a computer t o  mon i to r  t h e  h e a l t h  o f  the 
oxygen p roduc t i on  system. The i n i t i a l  focus has 
been t o  i d e n t i f y  and i n s t a l l  sensors which 
measure temperature, pressure, mass f l ow  ra te ,  
vo l tage  and cu r ren t  and which p rov ide  s i g n a l s  t o  
t h e  data acqus i t i on  system. P resen t l y ,  t he  
f o l l o w i n g  measurements have been i d e n t i f i e d  as 











C e l l  voltage, c u r r e n t  and temperature 
Supply gas b o t t l e  pressures 
Supply mass f l o w  r a t e  
Supply gas temperature and pressure 
Oven temperature d i s t r i b u t i o n  and power 
consumption 
Oxygen temperature, pressure and mass 
f l ow  r a t e  
Exhaust gas temperature, pressure and 
mass f l c w  r a t e  
B a l l a s t  tank pressure 
Power consumed by t h e  vacuum pump 
A v a i l a b i l i t y  o f  ex te rna l  e l e c t r i c a l  power 
These measurements represent approximately 20 
channels o f  data which nus t  be moni tored and 
evaluated by t h e  computer. 
A t  t h f s  t lme, the on ly  q u a n t i t i e s  which w i l l  
be c o n t r o l l e d  a c t i v e l y  by t h e  computer are: 
(1) The supply gas mass f low ra te ;  ( 2 )  Power t o  
t h e  z i r c o n i a  c e l l ;  a i d  ( 3 )  Power t o  t h e  oven. 
The mass f l o w  i s  c o n t r o l l e d  v i a  t h e  computer 
because i t s  design f a c i l l t a t e s  computer 
c o n t r o l .  C e l l  vo l tage  and power must be 
c o n t r o l  l e d  a c t i v e l y  t o  avoid c e l l  d e s t r u c t i o n  
d u r i n g  a system upset, I n  add i t i on ,  even though 
t h e  oven has i t s  own very p r i m i t i v e  (bu t  
re1 i ab le ) ,  "bang-bang'' temperature c o n t r o l  , it i s  
necessary o n l y  t o  c u t  o f f  t he  oven power i n  t h e  
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event t h a t  c e r t a i n  types o f  system f a i l u r e s  o r  
upsets occur, Tests have shown t h a t  t h e  oven 
coo ls  down g radua l l y  when power i s  removed, 
thereby p r o t e c t i n g  the  c e l l  from d e s t r u c t i o n  due 
t o  thermal stresses. 
The long  range p lans f o r  t h e  system are t o  
implement more computer based c o n t r o l  elements 
and u l t i m a t e l y  employ a symbolic. exper t  system 
c o n t r o l l e r  which can i d e n t i f y  and avoid c e r t a i n  
types o f  system f a i l u r e s  as w e l l  as enable 
extended, autonomous operat ion.  That a c t i v i t y  
w i l l  r e q u i r e  s i g n i f i c a n t  graduate s tudent  
involvement (Ref. 5 ) .  
The present, Ceramatec c e l l  design does not  
address two key Mars design ques t i ons - - l ong - l i f e ,  
h igh  temperature, seal designs and t h e  r e l a t i v e  
r a t i o  o f  thermal t o  e l e c t r i c a l  energy requ i re -  
ments. The Ceramatec c e l l  has been designed so 
t h a t  a l l  o f  t he  seals  and v i r t u a l l y  a l l  o f  t h e  
e l e c t r i c a l  connectors are i n  a thermal environ- 
ment near ambient cond i t i ons .  While F igure 2 
does no t  show t h e  oven d i r e c t l y ,  i t  does i n d i c a t e  
t h a t  t h e  upper assembly extends ou ts ide  o f  t h e  
oven. That p a r t  o f  t h e  system i s  a i r  cooled w i t h  
a small  e l e c t r i c  fan, mounted on t h e  oven 
c o n t r o l l e r .  The thermal aspects o f  t h e  seal 
design problem are thus avoided, but  t h e  heat 
losses f o r  a Mars system would be excessive us ing  
t h i s  approach. Furthermore, s ince  Mars l acks  an 
e l e c t r i c  power generat ion f a c i l i t y ,  t h e  magnitude 
o f  any e x t r a  e l e c t r i c  power requ i  rement 
t r a n s l a t e s  d i r e c t l y  i n t o  a d d i t i o n a l  system mass 
(Ref. 1). Hence, t h e  ac tua l  Mars oxygen produc- 
t i o n  system should be designed t o  u t i l i z e  e i t h e r  
s o l a r  o r  r a d i o i s o t o p e  thermal energy supp l i es  
wherever poss ib le ,  s ince e l e c t r i c  power 
t r a n s l a t e s  i n t o  a f o u r f o l d  o r  l a r g e r  correspond- 
i n g  thermal energy requirement ( t han  do d i r e c t  
thermal needs). The present  design wastes a good 
deal  o f  e l e c t r i c a l  energy f o r  unnecessary heat 
generation. 
A Mars design requ i res  t h a t  t h e  c e l l  system, 
which may employ a network of more than 1000 
c e l l s  (Ref. 6), minimize heat losses t o  the  Mars 
environment. That energy can be managed p r o p e r l y  
o n l y  i f  the  m a j o r i t y  o f  t h e  c e l l s  and t h e i r  seals  
are mainta ined w i t h i n  t h e  same 1000 K thermal 
environment. Hence, t h e  seals  and connectfons 
must be designed d i f f e r e n t l y  t han  t h e  present  
design. Furthermore, R i c h t e r  (Ref. 7 )  has shown 
t h a t  t h e  energy requ i red  f o r  d i s s o c i a t i o n  o f  t h e  
carbon d i o x i d e  can be supp l i ed  a t  l e a s t  p a r t i a l l y  
by thermal means. It i s  a n t i c i p a t e d  t h a t  t h e  
work a t  Clemson U n i v e r s i t y ,  which i s  p a r t  o f  t h e  
USRA program, as w e l l  as research a t  Stanford 
U n i v e r s i t y ,  J e t  P ropu ls ion  Laboratory, and 
Ceramatec Corporat ion w i l l  address c e l l  op t im i  za- 
t i o n  i n  terms o f  seal design, geometry and energy 
management. 
S i n g l e  c e l l  t e s t s  us ing  t h e  Ceramatec design 
w i l l  demonstrate t h e  s t a b i l i t y  o f  t h e  e l e c t r o -  
chemical process f o r  Mars app l i ca t i ons .  The 
t e s t s  w i l l  no t  address seal and geometry issues 
which r e q u i r e  more soph is t i ca ted  (and expensive) 
des ign t a l e n t  t han  a team o f  undergraduate 
s tudents can r e a l  i s t i c a l  l y  produce. The 
endurance t e s t s ,  which s t i l l  represent  t h e  
u l t i m a t e  goal o f  t h i s  program, w i l l  occur i n t e r -  
m i t t e n t l y  t o  accommodate a v a r i e t y  o f  o ther  t e s t s  
which have been de l i nea ted  d u r i n  t h i s  study. The 
f o l l o w i n g  t e s t s  have been i d e n t l q i e d :  (1) Nominal 
c e l l  performance t e s t s ;  ( 2 )  MOD system c e r t i f i c a -  
t i o n  and f a i l u r e  t e s t s ;  and ( 3 )  C e l l  d e t e r i o r a -  
t i o n  and r e p a i r  t es ts .  Each o f  these t e s t  
programs are descr ibed b r i e f l y  i n  t h e  f o l l o w i n g  
paragraphs. 
(1) Nominal C e l l  Performance Tests 
S t a r t i n g  w i t h  pure carbon d iox ide ,  o r  d u r i n g  
Phase A t e s t s ,  t h e  c e l l ( s )  w i l l  be evaluated over 
a range of c e l l  voltages, ope ra t i ng  temperatures, 
pressures and mass f l o w  rates.  Those t e s t s  w i l l  
e s t a b l i s h  conversion e f f i c i e n c y  and c e l l  power 
requirements as a f u n c t i o n  o f  t h e  c o n t r o l  para- 
meters. I n  a d d i t i o n ,  t h e  system w i l l  be 
monitored c a r e f u l l y  t o  make sure t h a t  t h e  var ious 
flows obey t h e  known phys i ca l  laws (i.e. no leaks 
o r  o the r  system anomalies). 
Subsequently, i n  Phase E, t h e  s imulated Mars 
atmosphere w i l l  be used over a somewhat narrower 
parametr ic  range t o  e s t a b l i s h  t h e  o v e r a l l  
performance o f  t h e  c e l l  when t h e  feed gas i s  no 
l onger  a s i n g l e  species. Those measurements 
should be t h e  f i r s t  t e s t s  which measure oxygen 
y i e l d  under Mars - l i ke  condi t ions.  
( 2 )  MOD C e r t i f i c a t i o n  and F a i l u r e  Tests 
Dur ing t h e  carbon d i o x i d e  t e s t s ,  where t h e  
y i e l d s  and c e l l  performance are p red ic tab le ,  t h e  
system w i l l  be monitored as c l o s e l y  as t h e  c e l l  
performance. The goal o f  t he  system eva lua t i on  
w i l l  be t o  c e r t i f y  t h a t  a l l  of t h e  instrumenta- 
t i o n  and gas streams a re  cons is ten t .  Those t e s t s  
w i l l  be c a r r i e d  ou t  i n  p a r a l l e l  w i t h  t h e  Phase A 
c e l l  study. Both s tud ies  r e q u i r e  the  a b i l i t y  t o  
take  accurate samples from t h e  var ious system 
l i n e s .  The sampling system has been g iven 
spec ia l  a t t e n t i o n  and w i l l  be descr ibed a t  t h e  
end o f  t h i s  section. 
Some types o f  system f a i l u r e s  (such as 
d e l i b e r a t e  leaks and inst rument  ma l func t i ons )  
w i l l  be in t roduced du r ing  t h i s  study i n  order  t o  
v e r i f y  t h a t  t he  i ns t rumen ta t i on  w i l l  record the  
upset and pe rm i t  i t s  i d e n t i f i c a t i o n .  Those 
s tud ies  w i l l  be e s p e c i a l l y  h e l p f u l  t o  t h e  
graduate students a s s i s t i n g  i n  t h i s  study. 
( 3 )  C e l l  D e t e r i o r a t i o n  and Repai r  Tests 
Depending on t h e  opera t i ng  cond i t i ons ,  t h e  
s t a b i l i t y  o f  z i r c o n i a  i n  conduct ing oxygen ions  
becomes c r i t i c a l .  Since oxygen i s  a l ready 
conta ined i n  the  z i r c o n i a  c e l l  l a t t i c e ,  a l b i e t  
s t a b i l i z e d  w i t h  y t t r i a ,  some m i g r a t i o n  o r  oxygen 
d e p l e t i o n  may occur over t ime. That d e p l e t i o n  
w i l l  be observable through changes i n  c e l l  
r es i s tance  and e l e c t r i c a l  c u r r e n t  f o r  f i x e d  
vo l tage  operation. Tests w i l l  be conducted t o  
determine d e t e r i o r a t i o n  r a t e  as a f u n c t i o n  o f  
ope ra t i ng  condi t ions.  I n t e r e s t i n g l y ,  Gur and 
Huggins (Ref. 8) have observed t h a t  d e p l e t i o n  o f  
oxygen near t h e  cathode su r face  o f  a z i r c o n i a  
membrane enhances o r  ca ta l yzes  t h e  p roduc t i on  o f  
oxygen from a n i t r i c  ac id  supply and t h i s  may 
a l s o  be t r u e  f o r  carbon d iox ide .  However, 
regard less o f  d e l i b e r a t e  o r  acc iden ta l  oxygen 
dep le t i on ,  c e l l  l i f e  must be s tud ied  under those 
cond i t i ons .  
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Simple c e l l  r e p a i r  may a l s o  be p o s s i b l e  by 
b r i e f l y  reve rs ing  t h e  c e l l  p o l a r i t y  and conduct- 
I n g  oxygen back i n t o  t h e  feed gas stream. That 
process i s  known t o  c l e a r  o r  even open new oxygen 
paths through t h e  porous p la t i num elect rodes.  I n  
add i t i on ,  it may be p o s s i b l e  t o  rep lace depleted 
oxygen atoms i n  t h e  c e l l  m a t r i x  under t h e  proper 
se t  o f  app l i ed  vo l tage  and c o n t r o l l e d  thermal 
condi t ions.  Those t e s t s  w i l l  be conducted as 
p a r t  o f  t h i s  study. 
Sampling System 
Because most of t h e  MOD systen i s  operated 
a t  pressures below one atmosphere, sample co l  l e c -  
t i o n  and p reven t ion  o f  sample contaminat ion 
d u r i n g  handl ing a re  major  concerns. As shown i n  
F igu re  1, a sample c o l l e c t i o n  f l o w  network 
( i n c l u d i n g  sample b o t t l e s  f o r  Mars Gas, Oxygen 
and Exhaust) has been designed i n t o  the MOD 
system. That system can be evacuated below 
operat  i ng cond i t i ons  us ing  an independent vacuum 
pump. The sampling system, i n c l u d i n g  sample 
b o t t l e s ,  can be pumped down t o  pressure as low as 
0.1 t o r r  t o  minimize r e s i d u a l  gas contamination. 
By p r o p e r l y  ope ra t i ng  t h e  va lve system on 
t h e  MOD network, a sample can be taken o f  t h e  
feed gas, exhaust gas o r  oxygen. The feed gas 
can be c o l l e c t e d  a t  a pressure f n  excess of f o u r  
atmospheres and t h e r e f o r e  sample l eaks  o n l y  
reduce t h e  sample size. However, t h e  oxygen and 
exhaust gases must be c o l l e c t e d  a t  pressures 
between 50 and 100 mb and can be contaminated by 
leaks. I n  order  t o  preserve sub atmospheric 
sampl es, t he  exhaust and oxygen sample b o t t l e s  
w i l l  be p ressu r i zed  above one atmosphere, us ing  
he l i um gas be fo re  they a re  removed from t h e  MOD 
system. Since he l i um i s  used as t h e  c a r r i e r  gas 
f o r  gas chromatograph a n a l y t i c a l  systems, i t  w i l l  
no t  i n f l u e n c e  gas chromatograph analyses. That 
p a r t  o f  t h e  sample c o l l e c t i o n  system has n o t  been 
added t o  t h e  MOD system a t  t h i s  time. 
Sumnary and Conclusions 
To date, t h e  MOD system has been operated 
w i t h  a carbon d i o x i d e  feed gas t o  produce oxygen. 
Tests w i l l  be s t a r t e d  d u r i n g  t h e  summer which 
w i l l  begin t o  d e f i n e  t h e  opt imal  ope ra t i ng  
regime. A s i g n i f i c a n t  amount o f  i ns t rumen ta t i on  
and c o n t r o l  work w i l l  be needed be fo re  
autonomous, endurance t e s t s  can be demonstrated. 
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Table 1 
~ ~~ ~ 
Nominal and Simulated Mar t i an  
Atmosphere Compositions 
Component Percent by Volume 
Nominal Simulated 
(Mars Gas) 
95.32 95.32 COP 
2.7 2.7 N2 
1.6 1.78 A r  
02 0.13 0.13 
co 0.07 0.07 
Tracet Balance ------- 
Reference 2 
H20, 0.03%; Ne, 2.5 ppm; Kr, 0.3 ppm; Xe, 0.08 
ppm; 03, 0.03 ppm. 
4 
- 
Mcrs 3xygen Democstration Project 
Figure 1. Schematic Diagram o f  Mars Oxygen Production System 
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Fig .  2 Ceramatec Oxygen Separation C e l l  
Assembly Showing Zirconia C e l l  on 
Central  Axis. 
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Fig.  3 Combined oxygen and exhaust gas 
flow r a t e  as a funct ion  of 
b a l l a s t  tank pressure. 
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